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SPECIFICATION 



MOTOR DRIVER AND MAGNETIC DISK APPARATUS 



Technical Field 

[0001] The present invention relates to a motor driver for driving a direct- 

cin-rent motor, and more particularly to a motor driver that detects the 
current flowing through a motor coil so as to determine the current in 
relation to the input voltage. The present invention also relates to a 
magnetic disk apparatus in which such a motor driver is used to control the 
driving of a magnetic head. 

Background Art 

[0002] A motor driver is used to control the ciurent that flows through a 

direct-current motor such as a VCM (voice coil motor). Some motor drivers 
of this type, i.e., those which feed a drive current to a direct-ciurent motor, 
are so configvu'ed as to detect the current flowing through the coil of the 
direct-current motor and perform feedback control. An example of such a 
configuration is found in a conventionally proposed VCM control unit (see 
Patent Publication 1 listed below). This VCM control unit includes: a sense 
resistor for detecting as a voltage the drive current of a VCM; and a sense 
amplifier for amplifying the voltage across the sense resistor and then 
feeding it back to the input side. In this way, by amplifying the voltage 
across a sense resistor with a sense amplifier and then feeding it back to the 
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input side of a VCM driver circuit, it is possible to adjust the value of the 
drive current of a VCM. 

Patent Publication 1: Japanese Patent Application Laid-open No. 2003- 
173640 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0003] A conventional motor driver, like the control unit proposed in Patent 

Publication 1 mentioned above, is used as a driver for a VCM provided in a 
hard disk drive. The trend for increasingly high density hard disks 
demands increasingly high resolutions. This makes accordingly small the 
current that a VCM passes through a motor coil, for example, to drive a 
magnetic head to follow a track on a disk. Thus, the lower the resistance of 
a detection resistor for detecting the output current to the motor coil, the 
lower the detection accuracy of a detection amplifier. For this reason, it is 
necessary either to increase the gain of the current detection amplifier, 
which includes a differential amplifier circuit for amplif3dng the voltage 
across the detection resistor, or to increase the resistance of the detection 
resistor. 

[0004] However, increasing the gain of the current detection amplifier or 

increasing the resistance of the detection resistor makes higher the output of 
the current detection amplifier relative to the input voltage fed to the VCM to 
control the driving thereof when, as during a seek operation, the magnetic 
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head travels a large distance and thus a large current flows through the coil. 
As a result, when the current flowing through the coil is large, the range of 
the input voltage is narrow, and thus the range in which the driving of the 
VGM can be controlled is narrow. Moreover, increasing the resistance of 
the detection resistor makes larger the amount of heat generated when the 
current flowing through the coil is large. 
[0005] In view of the conventionally encountered problems described above, 

it is an object of the present invention to provide a motor driver that can 
change, according to the magnitude of the current flowing through a motor 
coil, the resistance of a detection resistor for detecting the current, and to 
provide a magnetic disk apparatus incorporating such a motor driver. 

Means for Solving the Problem 
[0006] To achieve the above object, according to one aspect of the present 

invention, in a motor driver including a current output driver that outputs a 
drive cmrent fed to a direct-ciurent motor and a gain switch circuit that 
switches the current/voltage gain for the value of the drive current with 
respect to an input voltage is provided with: n detection resistors connected 
in series with the coil of the direct-current motor; n switches provided one 
for each of the n detection resistors, each switch having one end thereof 
connected to the end of the corresponding detection resistor farther from the 
coil, and having a predetermined direct-current voltage applied to the other 
end thereof; and n current detection amplifiers provided one for each of the 
n detection resistors, each current detection amplifier detecting the voltage 
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across the corresponding detection resistor and feeding the detected voltage 
back to the gain switch circuit. Here the turning on and off of the switches 
is controlled according to the current/voltage gain switched by the gain 
switch circuit. 

[0007] With this configuration, one of the switches is turned on and the 

value of the drive current for the direct-current motor with respect to the 
input voltage is adjusted based on the output of the ciurent detection 
amplifier that detects the voltage across the detection resistor electrically 
connected to that switch. Here, the larger the drive cxuxent to the direct- 
current motor, the lower the resistance of the detection resistor the voltage 
across which is used for ciurent detection. Moreover, the lower the 
resistance of a detection resistor, the closer to the coil of the direct-current 
motor it is provided. 

[0008] According to another aspect of the present invention, in a motor 

driver including a current output driver that outputs a drive current fed to a 
direct-current motor and a gain switch circuit that switches the 
current/voltage gain for the value of the drive current with respect to an 
input voltage is provided with: a first detection resistor having one end 
thereof connected to the coil constituting the direct-current motor; a second 
detection resistor having one end thereof connected to the other end of the 
first detection resistor so as to be connected in series with the first detection 
resistor, the second detection resistor having a different resistance from the 
first detection resistor; a first switch having one end thereof connected to the 
node between the other end of the first detection resistor and the one end of 
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the second detection resistor, the first switch having a predetermined direct- 
current voltage applied to the other end thereof; a second switch having one 
end thereof connected to the other end of the second detection resistor, the 
second switch having a predetermined voltage applied to the other end 
thereof; a first current detection amplifier that detects the voltage across the 
first detection resistor and feeds the detected voltage back to the gain switch 
circuit; and a second cvirrent detection amplifier that detects the voltage 
across the second detection resistor and feeds the detected voltage back to 
the gain switch circuit. Here, the turning on and off of the first and second 
switches is controlled according to the current/voltage gain switched by the 
gain switch circuit. 

[0009] According to another aspect of the present invention, a magnetic disk 

appciratus is provided with; any of the motor drivers described above; the 
direct-ciu'rent motor whose driving is controlled by the motor driver; and a 
magnetic head that is moved in the direction of a radius of the magnetic disk 
by being fed with mechanical power from the direct-ciu-rent motor. 

Advantages of the Invention 

[0010] According to the present invention, which detection resistor to use 

can be switched, and thus the detection resistor for detecting the magnitude 
of the drive current can be selected according to the magnitude of the drive 
current fed to the direct-current motor. Consequently, irrespective of the 
magnitude of the drive current, the current detection amplifier can detect the 
drive current with high accuracy. This helps widen the usable output 
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range of the drive current, and permits the driving of the direct-current 
motor to be controlled with high accuracy even when the drive current is 
feeble. Moreover, when the drive cvirrent is large, it is possible to select a 
detection resistor with a lower resistance and thereby reduce the heat 
generated by the detection resistor and thus the electrical power consumed 
thereby. 

Brief Description of Drawings 

[0011] [Fig. 1] A block diagram showing a configuration of a motor driver according 
to the invention. 

[Fig. 2] A diagram schematically showing an outline of the construction of a 

magnetic disk apparatus provided with the motor driver of Fig. 1. 

[Fig. 3] An equivalent circuit diagram of the motor driver of Fig. 1. 

[Fig. 4] A circuit diagram showing a circuit configuration of the motor driver 

according to the invention. 

[Fig. 1] A block diagram showing another configuration of a motor driver 
according to the invention. 
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RSl, RS2 Detection Resistors 

Best Mode for Carrying Out the Invention 

[0013] Hereinafter, embodiments of the present invention will be described 

with reference to the drawings. Fig. 1 is a block circuit diagram showing 
the internal configuration of, as one embodiment, a motor driver built in a 
semiconductor integrated circuit device. 

[0014] The semiconductor integrated circuit device shown in Fig. 1 includes: 

an input terminal INl via which is fed in a signal that determines the 
distance that the head is made to travel by a VCM 3; an input terminal IN2 
via which is fed in a switch signal that varies the gain of the amplifier circuit 
including a driver Dl; a' digital-to-analog conversion circuit (DAC) 1 that 
performs digital-to-analog conversion on the signal fed in via the input 
terminal INl; a gain switch circuit 2 that switches, according to the switch 
signal fed in via the input terminal IN2, the gain of the amplifier circuit 
including the driver Dl; a current drive driver Dl that feeds the VCM 3 with 
a current commensurate with a voltage signal fed from the DAC 1 via the 
gain switch circuit 2; inverted current driving drivers D2 and D3 through 
which flows the current that has flowed through the VCM 3; ciurent 
detection amplifiers Al and A2 that detect the current flowing through the 
VCM 3 on the basis of the voltages across current detection resistors RSl and 
RS2, respectively, connected in series with the VCM 3; output terminals 
OUTl to OUT3 connected to the drivers Dl to D3, respectively; an input 
terminal IN3 that is connected to the node between the VCM 3 and the 
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detection resistor RSl; and an input terminal IN4 that is connected to the 
node between the detection resistors RSl and RS2. 

[0015] In this semiconductor integrated circuit device, the drivers D2 and D3 

are turned on and off by the gain switch circuit 2. The voUages across the 
detection resistors RSl and RS2 are respectively fed to the current detection 
amplifiers Al and A2 provided in the motor driver built in the 
semiconductor integrated circuit device so as to be amplified thereby, and 
are then fed back to the gain switch circuit 2. Here, the two inputs of the 
current detection amplifier Al are connected to the input terminals IN3 and 
IN4, and the two inputs of the current detection amplifier A2 are connected 
to the input terminal IN4 and the output terminal OUTS. The resistances of 
the detection resistors RSl and RS2 are so set that the resistance of the 
detection resistor RS2 is higher. 

[0016] The output terminal OUTl is connected to one end of the coil of the 

VCM 3, the output terminal OUT2 is connected to the node between the 
detection resistors RSl and RS2, and the output terminal OUTS is connected 
to the other end of the detection resistor RS2. Thus, when a large ciu-rent is 
passed through the VCM 3 to perform an operation involving high-speed 
rotation, as when a magnetic head 21 as shown in Fig. 2 is made to perform a 
seek operation, current detection is performed on the basis of the voltage 
across the detection resistor RSl, which has the lower resistance. 
Incidentally, in a magnetic disk apparatus as shown in Fig. 2, the magnetic 
head 21 is moved in the direction of a radius of a disk 20 by being fed with 
mechanical power from the VCM 3 via a transmission member 21a. When 
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the magnetic disk apparatus is out of operation, the magnetic head 21 rests 
in a ramp region 22 provided outside the disk 20. 

[0017] In this case, the gain switch circuit 2 tm-ns the driver D2 on and the 

driver D3 off, and thus the drive current outputted from the driver Dl flows 
via the coil of the VCM 3, then the detection resistor RSl, and then the 
output terminal OUT2 into the driver D2, The voltage across the detection 
resistor RSl is amplified by the current detection amplifier Al, and is fed 
back to the gain switch circuit 2. The gain switch circuit 2 then adjusts the 
drive current by subtracting the voltage fed from the current detection 
amplifier Al from the voltage fed from the DAC 1. 

[0018] By contrast, when a feeble current is passed through the VCM 3 to 

perform an operation involving highly accurate rotation, as when the 
magnetic head 21 is made to follow a track on the disk 20, current detection 
is performed on the basis of the voltage across the detection resistor RS2, 
which has the higher resistance. In this case, the gain switch circuit 2 turns 
the driver D3 on and the driver D2 off, and thus the drive cinrent outputted 
from the driver Dl flows via the coil of the VCM 3, then the detection 
resistors RSl and RS2, and then the output terminal OUTS into the driver 
D3. The voltage across the detection resistor RS2 is amplified by the 
cinxent detection amplifier A2, and is fed back to the gain switch circuit 2. 
The gain switch circuit 2 then adjusts the drive current by subtracting the 
voltage fed from the current detection amplifier A2 from the voltage fed from 
the DAC 1. 

[0019] In the motor driver configured as shown in Fig. 1, the drivers D2 and 
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D3 act as switches for feeding the current flowing through the detection 
resistors RSl and RS2 back to the gain switch circuit 2. Thus, the motor 
driver may be built with, instead of the drivers D2 and D3, switches Sa and 
Sb as shown in Fig. 3. Also with this configuration, the motor driver 
operates just as described above. 

[0020] Fig. 4 shows a circuit configuration of the above-described motor 

driver built in a semiconductor integrated circuit device. The motor driver 
shown in Fig. 4 includes: a DAC 1; resistors Rla to Rid that are connected in 
parallel with one another and that receive, at one end, the voltage signal 
outputted from the DAC 1; a switch SWl that selects electrical connection 
with the other end of one of the resistors Rla to Rid; a switch SW2 that is 
connected to the switch SWl; resistors R2a and R2b whose electrical 
connection XAath the switch SWl is selected by the switch SW2; a differential 
amplifier OPl whose inverting input terminal is connected to the node 
between the switches SWl and SW2; a differential amplifier OP2a whose 
output terminal is connected to the node between the detection resistors RSl 
and RS2; a differential amplifier OP2b whose output terminal is connected 
to the other end of the detection resistor RS2; and differential amplifiers 
OP3a and OP3b whose output terminals are connected to the resistors R2a 
and R2b, respectively. 

[0021] The motor driver shown in Fig. 4 further includes: resistors R3a and 

R3b whose one ends are connected to the output terminals of the differential 
amplifiers OP3a and OP3b, respectively; resistors R4a and R4b whose one 
ends are connected to the other ends of the resistors R3a and R3b; resistors 



R5a and R6a whose one ends are connected to the non-inverting input 
terminals of the differential amplifier OP3a; resistors R5b and R6b whose 
one ends are connected to the non-inverting input terminal of the differential 
amplifier OP3b; resistors R7a and R7b whose one ends are connected to the 
output terminal of the differential amplifier OPl; and resistors R8a and R8b 
whose one ends are connected to the output terminals of the differential 
amplifiers OP2a and OP2b, respectively. 
[0022] The node between the resistors R3a and R4a is connected to the 

inverting input terminal of the differential amplifier OPS a, and the node 
between the resistors R3b and R4b is connected to the inverting input 
terminal of the differential amplifier OP3b. The other end of the resistor 
R4a is connected to the node between the detection resistors RSl and RS2, 
and the other end of the resistor R4b is connected to the node between the 
detection resistor RS2 and the output terminal of the differential amplifier 
OP2b. The other end of the resistor R5a is connected to the node between 
the detection resistor RSl and the VCM 3, and the other end of the resistor 
R5b is connected to the node between the detection resistors RSl and RS2. 
A direct-current voltage Vref is applied to the other ends of the resistors R6a 
and R6b. 

[0023] The node between the other ends of the resistors R7a and R8a is 

connected to the inverting input terminal of the differential amplifier OP2a, 
and the node between the other ends of the resistors R7b and R8b is 
connected to the inverting input terminal of the differential amplifier OP2b. 
Assuming that the maximum and minimum levels of the voltage signal 
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outputted from the DAC 1 are VM and zero, respectively, a direct-current 
voltage of 1/2 VM is applied to the non-inverting input terminals of both the 
differential amplifiers OP2a and OP2b. The direct-current voltage Vref is 
fed to the non-inverting input terminal of the differential amplifier OPl. 

[0024] In the motor driver configured as described above, the resistances of 

the detection resistors RSl and RS2 fulfill the relationship RSl < RS2, the 
resistances of the resistors Rla to Rid fulfill the relationship Rla < Rib < 
Rlc < Rid, and the resistors R2a and R2b fulfill the relationship R2a < R2b. 
When the switch SWl electrically connects one of the resistors Rla and Rib 
to the inverting input terminal of the differential amplifier OPl, the switch 
SW2 electrically connects the resistor R2a to the inverting input terminal of 
the differential amplifier OPl, and turns the differential amplifier OP2b off. 
When the switch SWl electrically connects one of the resistors Rlc and Rid 
to the inverting input terminal of the differential amplifier OPl, the switch 
SW2 electrically connects the resistor R2b to the inverting input terminal of 
the differential amplifier OPl, and turns the differential amplifier OP2a off. 

[0025] The resistances of the resistors R3a, R4a, R5a, and R6a fulfill the 

relationship R3a = R6a = Kl x R4a = Kl x R5a (where Kl is a constant), and 
the resistances of the resistors R3b, R4b, R5b, and R6b fulfill the relationship 
R3b = R6b = K2 X R4b = K2 x R5b (where K2 is a constant). Thus, the 
differential amplifier OP3a and the resistors R3a to R6a together form a 
current detection amplifier Al with a gain of Kl, and the differential 
amplifier OP3b and the resistors R3b to R6b together form a current 
detection amplifier A2 with a gain of K2. Here, the resistances of the 
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detection resistors RSl and RS2, the resistances of the resistors R2a and R2b, 
and the gains Kl and K2 are so set as to fulfill the relationship R2a / (Kl x 
RSl) = R2b / (K2 X RS2). The gains Kl and K2 fulfill the relationship Kl > 
K2. The resistances of the resistors R7a and R7b are set equal, and the 
resistances of the resistors R8a and R8b are set equal. 

[0026] This configuration works as follows. When, to perform a search 

operation, the magnetic head 21 is made to travel a large distance so as to 
move at high speed, the drive current to the VCM 3 needs to be increased so 
that the VCM 3 rotates at high speed. To achieve this, according to the 
switch signal, the switch SWl selects one of the resistors Rla and Rib, and 
the switch SW2 selects the resistor R2a. Consequently, the input to the 
inverting input terminal of the differential amplifier OPl is adjusted on the 
basis of the output from the differential amplifier OP3a, and thus adjustment 
is performed on the basis of the voltage across the detection resistor RSl. 

[0027] In this case, according to the switch signal, the differential amplifier 

0P2a is turned on, and the differential amplifier OP2b is turned off. Thus, 
the drive current outputted from the differential amplifier OPl first flows 
through the VCM 3, and then flows via the detection resistor RSl into the 
differential amplifier OP2a, When the resistor Rla is selected, the 
current/voltage gain equals R2a / (Rla x RSl); when the resistor Rib is 
selected, the current/voltage gain equals R2a / (Rib x RSl). 

[0028] By contrast, when, to make the magnetic head 21 follow a track, the 

magnetic head 21 is made to travel a small distance so as to move with high 
accuracy, the drive current to the VCM 3 needs to be decreased so that the 
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VCM 3 rotates at low speed. To achieve this, according to the switch signal, 
the switch SWl selects one of the resistors Rlc and Rid, and the switch 
SW2 selects the resistor R2b. Consequently, the input to the inverting 
input terminal of the differential amplifier OPl is adjusted on the basis of 
the output from the differential amplifier OP3b, and thus adjustment is 
performed on the basis of the voltage across the detection resistor RS2. 

[0029] In this case, according to the switch signal, the differential amplifier 

OP2a is turned off, and the differential amplifier OP2b is turned on. Thus, 
the drive current outputted from the differential amplifier OPl first flows 
through the VCM 3, and then flows via the detection resistors RSl and RS2 
into the differential amplifier OP2b. When the resistor Rlc is selected, the 
current/voltage gain equals R2b / (Rlc x RS2); when the resistor Rid is 
selected, the current/voltage gain equals R2b / (Rid x RS2)- 

[0030] In this embodiment, the motor driver is provided with two detection 

resistors connected in series with the VCM 3 and two current detection 
amplifiers. Alternatively, as shown in Fig. 5, n detection resistors RSl to 
RSn may be connected in series with the VCM. In this case, n drivers D2 to 
Dn + l are provided to control the drive current having flowed through the 
VCM 3 to flow through the individual detection resistors RSl to RSii, and 
current detection amplifiers Al to An are provided to detect and amplify the 
voltages across the individual detection resistors RSl to RSn. 

[0031] It is also possible to adopt, although not illustrated, a configuration 

where n resistors are provided instead of the resistors R2a and R2b shown in 
Fig. 4 and one of them is selected by the switch SW2. In this configuration. 
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the resistances RS of the detection resistors, the gains K of the current 
detection amplifiers, and the resistances R of the resistors corresponding to 
the resistors R2a and R2b shown in Fig. 4 are so set that the value of R / (K x 
RS) remains constant. Of all the drivers D2 to D17 + I, only one is turned on, 
and the other are kept off. 



